This paper presents data and modelling results from a crustal and upper mantle wide-angle seismic transect across the Salton Trough region in southeast California. The Salton Trough is a unique part of the Basin and Range province where mid-ocean ridge/transform spreading in the Gulf of California has evolved northward into the continent. In 1992, the U.S. Geological Survey (USGS) conducted the final leg of the Pacific to Arizona Crustal Experiment (PACE). Two perpendicular models of the crust and upper mantle were fit to wide-angle reflection and refraction travel times, seismic amplitudes, and Bouguer gravity anomalies. The first profile crossed the Salton Trough from the southwest to the northeast, and the second was a strike line that paralleled the Salton Sea along its western edge. We found thin crust (-21-22 km thick) beneath the axis of the Salton Trough (Imperial Valley) and locally thicker crust (-27 km) beneath the Chocolate Mountains to the northeast. We modelled a slight thinning of the crust further to the northeast beneath the Colorado River (-24 km) and subsequent thickening beneath the metamorphic core complex belt northeast of the Colorado River. There is a deep, apparently young basin (-5-6 km unmetamorphosed sediments) beneath the Imperial Valley and a shallower (-2-3 km) basin beneath the Colorado River. A regional 6.9-km/s layer (between -15-km depth and the Moho) underlies the Salton Trough as well as the Chocolate Mountains where it pinches out at the Moho. This lower crustal layer is spatially associated with a low-velocity (7.6-7.7 km/s) upper mantle. We found that our crustal model is locally compatible with the previously suggested notion that the crust of the Salton Trough has formed almost entirely from magmatism in the lower crust and sedimentation in the upper crust. However, we observe an apparently magmatically emplaced lower crust to the northeast, outside of the Salton Trough, and propose that this layer in part predates Salton Trough rifting. It may also in part result from migration of magmatic spreading centers associated with the southern San Andreas fault system. These spreading centers may have existed east of their current locations in the past and may have influenced the lower crust and upper mantle to the east of the current Salton Trough.
Introduction
The primary purpose of this paper is to show data from and provide an interpretation of a whole crustal and upper mantle long-offset seismic experiment conducted across the Salton This paper is not subject to U.S. copyright. Published in 1996 by the American Geophysical Union.
Paper number 95TC02616. 
Experiment Design
Two refraction/wide-angle reflection profiles were acquired during the 1992 PACE experiment. The first profile, referred to as the transect profile, was oriented NE-SW and extended 150 km from the Colorado River, southwest to the MexicoUnited States border. The transect profile connects with the main PACE 1987-1989 profiles that extend onto the Colorado Plateau (Figure 1 ). Instruments were spaced every 350 m, and a total of 27 shots were fired from 22 independent shot point locations (Figure 2) . Two of these shots were offset to the southwest of the recording line, and one was offset to the northeast. The second refraction profile, referred to as the Salton Sea profile, was oriented NW-SE and extended 150 km from the United States-Mexico border to La Quinta, California, along the west side of the Salton Sea. Instruments were spaced every 350 m. There were a total of 5 shots fired into t•is receiver array, with the northwestern-most shot being offset from the spread (Figure 2 ). This profile reoccupied and extended a line recorded by the USGS in 1979 [Fuis et al., 1984] ; two of the five shots on this profile were co-located with shots fired into the earlier profile. The other three shots were located further to the northwest and were designed to provide greater shot-receiver offsets for deep crustal structure beneath the Salton Trough.
Description of the Data
The crustal and upper mantle velocity structure of the Salton Trough was derived from four major seismic phases: direct and refracted arrivals from the upper crust (Pg) and upper mantle (Pn) and reflected phases from a middle crustal horizon (PIP) and the Moho (PmP). The middle crustal reflection (PIP) was observed on six shots on the transect profile and provided primary control for the velocity of the upper to middle crust.
The middle crustal reflector was observed on four shots on the Salton Sea profile. The reflection from the crust-mantle boundary (ProP) was observed on 11 shots on the transect profile and three shots on the Salton Sea profile. This phase provided control on estimates of lower crustal velocity and crustal thickness. Pn refractions were observed on seven longoffset shots on the transect profile and provide' control on upper mantle velocities across the Salton Trough. The bulk of the Pn refractions observed came from shots on the southwest part of the line, and only a small segment of a Pn refraction was observed in a reversing direction from shots to the northeast. Determining upper mantle velocities from essentially unreversed Pn refractions requires that the crustal thickness and velocity be known. Thus the upper mantle velocities we report here are subject to the same uncertainties as our crustal thickness and velocity estimates. An advantage of applying finite-difference travel-time calculations was that the output gridded velocity models could be input directly into a finite-difference solution to the acoustic wave equation to simulate features of the wide-angle data. The acoustic approach simulates the Earth as a compressible fluid through which longitudinal waves propagate. While no shear waves are generated using the acoustic method, the substantial reduction in computation time and memory requirements over elastic wave equation solutions makes this approach more practical. To avoid grid dispersion (deviation between numerical and wave equation phase velocity), the input velocity grid was subsampled from a 1-krn to O.l-km grid spacing by linear interpolation. We used a source wavelet in the acoustic modelling that was extracted unlikely that the complications we observe in the reflections result from multiples from a free surface at the model top.
Upper Mantle Velocities From Inversion of Pn Arrivals
After we generated an acceptable crustal velocity model, we used it as a starting model for a travel-time inversion for upper mantle velocity structure using observed Pn travel times. We superimposed our crustal model on an upper mantle that had an initial uniform velocity of 8.0 km/s. We inverted 457 P n travel-time observations from seven shots for upper mantle velocity structure. The results of the inversion are summarized in Figure 6 . We found relatively slow (7.6-7. 
Two-Dimensional Gravity Analysis Coincident With the Seismic Models
We converted the seismic models of the transect and Salton Sea profiles to density models to ensure that they are consistent with the observed Bouguer gravity anomaly along the profiles. We did not attempt to model the detailed variations in the observed Bouguer gravity that have shallow sources but rather concentrated on the broader anomalies associated with major crustal structures (we limited fits to within 10 mGal of the observed Bouguer.anomaly). The densities used by McCarthy et al. [1991] for modelling the PACE 1987 profile were extended into the 1992 profiles, and reasonable fits were achieved (Figures 13 and 14) . across the Imperial Valley (km 20-85). We interpret much of this to be the result of very shallow, low-density sediments that were poorly resolved by the -10-km shot spacing in our seismic models.
We generated a very simple gravity model for the Salton Sea profile which also has a nearly flat Bouguer anomaly ( Figure  14) . We introduced a slight thickening in the crust at the northwest end of the profile beyond the limit of seismic coverage to match the slight decrease in the Bouguer anomaly. We chose to thicken the crustal gravity model on the assumption that the crust thickens in correspondence with the increase in topographic elevation at the northwest end of the profile. There are of course many other ways to fit the subtle variation in the Bouguer anomaly such as a lateral compositional density contrast. the Chocolate Mountains, despite the continued presence of the 6.9-km/s lower crustal layer, it appears that the whole crust has been less severely influenced by the latest stages of oceanic-style spreading. We propose a model where the loci of crustal spreading centers have migrated and probably were located east of their present configuration in the past and were less evolved than the currently active centers; this may have caused some intrusion into the lower crust and may be related to the broader zone of anomalous upper mantle relative to the breadth of surface rifting.
Discussion and Implications of the Models

